Recent research suggests that visual selection can be automatically biased to those stimuli matching the contents of working memory (WM). However, a complete functional account of the interplay between WM and attention remains to be established. In particular, the boundary conditions of the WM effect on selection are unclear. Here, the authors investigate the influence of the focus of spatial attention (i.e., diffused vs. focused) by assessing the effect of spatial precues on attentional capture by WM. Experiments 1 and 2 showed that relative to a neutral condition without memory-matching stimuli, the presence of a memory distractor can trigger attentional capture despite being entirely irrelevant for the attention task but this happened only when the item was actively maintained in WM and not when it was merely repeated. Experiments 3a, 3b and 3c showed that attentional capture by WM can be modulated by endogenous spatial pre-cueing of the incoming target of selection. The authors conclude that WM-driven capture of visual selection is dependent on the focus of spatial attention.
Introduction
Recent research suggests that the contents of working memory (WM) play an important role in guiding the spatial deployment of visual attention (e.g., Bundesen, 1990; Desimone & Duncan, 1995; Duncan & Humphreys, 1989; Folk, Remington, & Johnston, 1992; Wolfe, 1994) . Current models propose that a target template held in WM serves to bias attention in a top-down manner so that target-like objects in the visual scene are given a privileged processing advantage. For example, according to the biased competition model of Desimone and Duncan (1995) , top-down feedback from a target ''template" held in WM can strengthen the neural representations in visual cortex of matching items and suppress those of non-matching elements, allowing the target to win the competition for selection (see Chelazzi, Duncan, Miller, & Desimone, 1998; Chelazzi, Miller, Duncan, & Desimone, 1993 , 2001 .
Voluntary guidance of attention through WM may occur when the memory template is relevant for the task at hand (i.e., when it matches the to-be selected target) and observers should deliberately use it to bias the allocation of attention. There has been recent controversy as to whether WM can also guide attention automatically, without any intention on the part of the observer (e.g., even when the contents of WM are unrelated to the target of selection; see Olivers (2008) , Soto, Hodsoll, Rotshtein, and Humphreys (2008) , for recent reviews on the topic). In order to determine whether WM contents can involuntarily guide attention, it is critical to preclude any strategy to voluntarily deploy attention to the memory-matching stimuli. To achieve this goal, Soto, Heinke, Humphreys, and Blanco (2005) included conditions where memory-matching items in the search display always contained a distractor but never the critical target of selection. Relative to a neutral baseline without a match between WM contents and search arrays, Soto et al. (2005) found that search was slower and fewer first fixations to the target occurred in the invalid condition. Thus, Soto et al. (2005) provided the first strong evidence that WM contents can exert an involuntary effect on selection. Effects of WM on attention have been replicated in different studies under different settings both in healthy individuals (e.g., Moores & Maxwell, 2008; Olivers, Meijer, & Theeuwes, 2006; Pan, Xu, & Soto, 2009; , 2009 Soto, Humphreys, & Heinke, 2006a , 2006b ) and neurological patients (Soto & Humphreys, 2006; Soto et al., 2006b) .
However, other studies failed to observe WM effects on selection. Downing and Dodds (2004) asked participants to keep two items in WM, one relevant for a subsequent search task, and the other relevant for a later recognition test. They found that the memory target had no effect on search performance when it reappeared as a distractor, compared to a neutral condition (see also Houtkamp and Roelfsema (2006) , who only found weak WM effects on selection). Moreover, Downing and Dodds (2004, Experiment 2) found that search was even faster when the memory target reappeared as a distractor in the search display. A similar pattern of results was reported by Woodman and Luck (2007) who concluded that WM contents may not automatically guide attention but instead could be flexibly used in a voluntary way according to their relevance for the task at hand (i.e., to guide selection of memory-matching targets and to divert attention away from memory-matching distractors).
There may be several factors determining the influence of the contents of WM on visual selection. However, the critical factors remain to be established. Olivers (2009) has recently provided evidence that one factor may be whether the search task is performed under consistent mapping conditions (i.e., as in Downing, 2000; Soto et al., 2005) or under varied mapping conditions (as in Downing & Dodds, 2004) . Olivers found that under consistent mapping conditions (i.e., when the search template remains the same across trials) the presence of a memory-matching distractor is effective to draw attention. In contrast, he found no evidence of attentional capture by the WM item under varied mapping conditions (i.e., when the search template varied across trials). It is possible that a greater amount of resources to search is invested when the target varies from trial to trial, relative to consistent mapping conditions, and therefore that a higher priority of the search template over the irrelevant memory template is established under varied mapping conditions (see also Houtkamp & Roelfsema, 2006) . In line with this, demonstrated that attentional guidance from WM is dependent on the availability of WM resources. By increasing the amount of information to be held in WM and by increasing concurrent cognitive load (i.e., by giving participants a secondary verbal suppression task), attentional capture by WM can be prevented (cf. .
These evidences demonstrate the existence of boundary constraints on the guidance of selection by WM that seem imposed by the limited capacity of our cognitive brain systems. However, a complete functional account of the interplay between WM and attention remains to be established. Here, we ask whether WM effects on selection are dependent on the focus of attention. Prior studies on the interplay between WM and attention used search paradigms where the location of the target was uncertain and thus observers had a diffuse focus of attention prior to the appearance of the critical displays. Experiment 1 and 2 replicated prior findings in the literature by demonstrating WM effects on selection under conditions where memory-matching stimuli are always detrimental to the attention task (cf. Soto et al., 2005) . Experiments 3a, 3b and 3c investigated the effects of spatial pre-cueing of the incoming target's location. We asked whether the capture of visual selection by the contents of WM can be influenced by the focus of attention. Prior studies have shown that the spatial extent of the attentional focus can modulate attentional capture effects by bottom-up cues such as irrelevant abrupt onsets or feature singletons (Belopolsky, Zwaan, Theeuwes, & Kramer, 2008; Theeuwes, 1991; Yantis & Jonides, 1990) , with bottom-up capture being reduced when attention is highly focused at a different spatial location in advance. We hypothesized that a similar pattern may be observed with regard to the top-down influence on selection from irrelevant contents in WM. We contrasted conditions where the target's location is spatially pre-cued and observers are in a more focused attentional mode with conditions where the target's location is unknown and observers adopt diffuse attentional setting. We provided participants with central arrow precues that indicated the locations of upcoming targets for 100% validity on half of the trials and compared the degree of capture by WM against experimental conditions that promoted a more diffuse mode of attention prior to the appearance of the critical display. If the effects of attentional guidance by WM were not dependent on attentional focus, then the memory-matching distractors should capture attention irrespective of the observer's voluntary allocation of attention induced by the spatial precues. In other words, WM effects on selection ought to occur regardless of whether spatial precues are provided and independently of whether observers adopt a diffused or focused attentional mode prior to the onset of the memory-matching item. This outcome is expected according to evidences for automatic guidance of visual selection by the contents of WM (e.g., Soto et al., 2005 Soto et al., , 2006a Soto et al., , 2006b ). However, if WM effects on perceptual selection can be modulated by the attentional focus of the observer, we would expect WM-based capture to be reduced or even eliminated when attention is focused in advance of the appearance of the critical display.
2. Experiment 1: attentional capture by WM Experiment 1 explored WM effects on selection using an adaptation of Downing's (2000) paradigm. Participants performed a probe discrimination task during the retention interval of a WM task. Two irrelevant flashed items were simultaneously presented immediately before the probe display. Unlike Downing (2000) , however, the WM contents matched one of the two-flashed items only on half of trials, and the upcoming probe never appeared at the location previously occupied by the memory match. Previous research indicates that increased attention to a particular location can delay the processing of information at the other different locations (e.g., Posner, 1980) . Therefore, attending to the location of the memory match would delay the response to the probe at the opposite location.
Method

Participants
Eleven naive college students in Hangzhou participated for cash compensation. They were between 20 and 24 years old, and all of them reported having normal or corrected-to-normal visual acuity and normal color vision. All participants were right-handed.
Apparatus and stimuli
The experiment was run on a Pentium IV computer with a processor speed of 2.4 GHz. The stimuli were displayed on a 17-in. color monitor with a resolution of 1024 Â 768 pixels and a 85-Hz refresh rate. Responses were made on a standard keyboard. The visual stimuli were geometrical shapes filled of different colors. The shapes could be a circle (3°Â 3°of visual angle), a triangle (2.6°Â 2.1°), a diamond (3°Â 3°), a pentagon (2.7°Â 2.7°) or a hexagon (3°Â 2.5°). The color of the shapes could be red, green, blue, yellow or cyan. The response probe was a black 0.6°Â 0.6°s quare with a 0.5°gap at the top or bottom. All stimuli were presented on a gray background.
Procedure and design
Participants initiated each trial by pressing the space bar. A white central fixation cross (0.2°Â 0.2°) was displayed for 1000 ms, and followed by the memory item for 100 ms or 1000 ms. Participants were instructed to memorize both the color and the shape of the memory item and to keep it in mind through the trial. After a delay of 200 ms or 1506 ms, two objects were simultaneously flashed for 187 ms, one on the left and one on the right side of fixation, separated by approximately 18°of visual angle from center to center. Participants were told that sometimes one of the flashed items could match the memory item, but they did not have to respond to the flashed items. After a 40-ms delay, a small black square with a gap at the top or bottom was displayed for 100 ms at the center of the location previously occupied by one of the two flashed objects. Participants were instructed to discriminate immediately the orientation of the small square, by pressing the ''"" key or the '';" key with the right hand. Participants had 1500 ms to respond to the probe. This was followed by a memory-test object at the center of the screen and remained visible until response. Participants were required to press the ''V" key with their left hand if the object matched the memory item in both dimensions of color and shape, and the ''N" key with their left hand if they had just their color in common, just their shape in common, or neither attribute in common. Participants were encouraged to perform both tasks as accurately as possible. They were informed that only accuracy would be examined in the memory task and they were asked to respond as accurately and as fast as possible in the orientation discrimination task.
The memory item could appear for 100 ms or 1000 ms. In the former case, the two-flashed items followed after a 200-ms delay. In the latter case, the flashed items followed after a 1506-ms delay. This was done to assess the time course of any WM effect on selection in the current experimental protocol. The stimulus onset asynchronies (SOAs) between the memory item and the flashed items were thus 300 ms and 2506 ms, and the two SOAs occurred equally in the experiment. The two-flashed items were always different from each other in both dimensions of color and shape on each trial. As illustrated in Fig. 1 , there were two different match conditions. In the object match condition, one of the flashed items matched both the color and the shape of the memory item. In the neutral match condition, neither of the features of the memory item was shared by any of the flashed items. The two match conditions occurred with the same probability on each SOA. The match conditions and SOAs were varied randomly across trials. Importantly, the attention probe never appeared at the location of the memory match in the object match condition. This meant that when one of the flashed items matched the memory item, the upcoming probe would always appear at the opposite location relative to the memory match. Participants were instructed that memory cues were always detrimental to the probe discrimination task. The locations of the memory match and the probe as well as its orientations were counterbalanced across trials. Participants were firstly familiarized with the tasks and performed 16 practice trials. Then, they performed four blocks of 64 trials each.
Results and discussion
Errors averaged 4.4% on the attention probe task and 8.6% on the memory task. A 2 (SOA: 300 ms, 2506 ms) Â 2 (matching: neutral match, object match) analysis of variance (ANOVA) over probe errors showed no significant effects (all ps > 0.1). Analysis of memory errors showed a main effect of SOA, with more memory errors when SOA was 300 ms (M = 10.2%) than when SOA was 2506 ms (M = 6.9%), F (1, 10) = 12.695, p = .005, g 2 = .559, suggesting that memory items may not be fully consolidated at the shorter interval. The other effects were not significant (ps > 0.083).
In all of the experiments reported here, analyses of reaction times (RTs) in the attention probe task included only trials on which both responses were correct. A 2 (SOA: 300 ms, 2506 ms) Â 2 (matching: neutral match, object match) ANOVA yielded a significant main effect of matching, F (1, 10) = 18.132, p = .002, g 2 = .654, with slower RTs to probes in the object match condition than to probes in the neutral match condition, and this effect did not vary as a function of whether SOA was 300 ms or 2506 ms, as indicated by the lack on interaction between matching and SOA, F (1, 10) = 1.178, p = .303. The main effect of SOA was not significant, F (1, 10) = 1.903, p = .198. Fig. 2 illustrates this pattern of results.
The data showed that maintaining an object in WM can trigger visual attention shifts towards a matching stimulus in the visual array. Participants were explicitly instructed that they should not intentionally attend to memory matches since doing this would detrimental to the probe discrimination task. Moreover, probe and memory tasks were very simple and the probe target was defined by a highly salient abrupt onset. These factors should eliminate any strategic contribution to performance and indeed participants had no need to use any strategic cues to aid performance. Therefore, we believe that the present findings are consonant with the view that attention can be involuntarily drawn to items that match the WM contents (see Olivers (2008) and , for recent reviews). The WM effect on selection was independent of the SOA between the memory item and the two-flashed items. Thus the data obtained in the current experimental protocol suggest that the SOA between memory and search displays does not seem critical for the manifestation of WM guidance (though see Soto & Humphreys (2008, Experiment 2) , for some contrary evidence).
Experiment 2: testing for visual priming effects
The aim of this experiment was to test whether the visual attentional capture observed in Experiment 1 was really due to the active WM processing of the object cue or whether mere repetition priming of the object could be sufficient to draw attention to the object in question.
Method
The procedure was virtually identical to that used in Experiment 1, except for the following differences. A new group of eleven volunteers from the same pool participated. There was no memory requirement for participants in Experiment 2. The cue was simply presented on the center of the screen, and participants were instructed to attend to it, but they did not need to memorize it and there was no memory test at the end of the trial. Both speed and accuracy were emphasized for responses to the probe. Participants were firstly familiarized with the tasks and performed 16 practice trials. Then, they performed four blocks of 64 trials each.
Results and discussion
There were 2.1% of error trials in the probe task. A 2 (SOA: 300 ms, 2,506 ms) Â 2 (matching: neutral match, object match) ANOVA on errors showed no significant effect (ps > .749). An ANO-VA on RTs showed a significant effect of SOA, F (1, 10) = 6.810, p = .026, g 2 = .405, with faster performance when SOA was 300 ms (M = 489 ms) than when SOA was 2,506 ms (M = 512 ms). However, neither the main effect of matching nor its interaction with SOA approached significance (ps > .26). Fig. 3 depicts the mean correct RTs across conditions. We also compared the data across Experiments 1 and 2 and the results showed a reliable interaction between experiment and matching (object match vs. neutral match), F (1, 20) = 14.302, p = .001, suggesting that the effect of matching is confined to the WM condition.
These results rule out the possibility that the effect observed in Experiment 1 was caused by the mechanism of repetition priming, since we failed to observe priming effects under conditions of mere exposure that did not require WM processing (see also Downing, 2000; Olivers et al., 2006; Soto et al., 2005) . This suggests that objects need to be placed into WM to guide visual attention. It is important to note that WM and repetition priming effects on visual selection are mediated by qualitatively different of neural mechanisms, as shown recently by Soto, Humphreys, and Rotshtein (2007) . In their fMRI study, the reappearance of an object held in WM enhanced activity in brain areas known to encode the prior occurrence of stimuli (i.e., recognition memory systems in the superior frontal gyrus, mid-temporal areas including perirhinal cortex and also occipital areas); however, mere repetition priming of the object cue in the search display elicited a suppression of the neuronal response in the same regions (see also, e.g., Chelazzi et al., 1993; Desimone, 1996) . Considering these neurophysiological evidences, concluded that attentional capture from WM reflects a qualitative change (neuronal enhancement vs. neuronal suppression) in the neural mechanism supporting memory effects on selection. Thus, bottom-up accounts based on the strength of visual priming effects seem unlikely to explain the WM bias.
Experiment 3: effects of spatial pre-cueing
Here we ask whether attentional guidance by WM contents interacts with the focus of spatial attention. Attention was manipulated by means of spatial precues in two blocked conditions. The diffuse attention condition was similar to the current Experiment 1 and prior studies on the interaction between WM and attention, where the target's location was uncertain (see Olivers (2008) and , for recent reviews of prior work). In the focused attention condition, central arrow cues appeared prior to the critical display, indicating the location of the upcoming target. A central left-or right-pointing arrow was presented before the onset of the flashed items, and participants were instructed they should shift attention to the location indicated by the cue, since it was a 100% valid cue.
Experiment 3a
Method
The method was similar to that of Experiment 1, with the following exceptions. A new group of ten volunteers from the same pool participated. The SOA between the memory item and the flashed items was fixed at 2506 ms on each trial. There were also two different pre-cueing conditions. In the central cueing condition, the central arrow display was presented for 300 ms before the onset of the flashed items (see Fig. 4 ). Participants were instructed that the arrow cued the location of the upcoming target with a 100% probability of validity, and they should voluntarily shift attention to the cued location (the left or right of fixation) without moving their eyes away from fixation. In the no-cueing condition, there was no central precue. The two conditions were blocked and counterbalanced across participants. Participants were firstly familiarized with the tasks and performed 20 practice trials. Then, they performed two blocks of 80 trials each.
Results and discussion
Errors averaged 2.4% on the attention probe task and 5.7% on the memory task. A 2 (block type: central cueing, no-cueing) Â 2 (matching: neutral match, object match) ANOVA performed over on probe identification accuracy and memory accuracy showed no significant effects (all Fs < 1). Analysis of RTs showed a significant main effect of block type, F (1, 9) = 11.02, p = .009, g 2 = .55, with faster performance in the central cueing block than in the no-cueing block. The main effect of matching was also significant, F (1, 9) = 31.004, p < .001, g 2 = .775, and importantly, the WM effect varied as a function of the block type, F (1, 9) = 7.064, p = .026, g 2 = .44. As shown in Fig. 5 , in the no-cueing block the RTs were slower to probes in the object match condition (M = 512 ms) than in the neutral match condition (M = 493 ms), t (9) = 4.563, p = .001. However, in the central cueing block the RTs to probes in the object match condition (M = 467 ms) did not significantly differ from those in the neutral match condition (M = 464 ms), t (9) = 1.185, p = .266.
These results provide preliminary evidence that attentional capture driven by WM contents may not show strong automaticity.
If the WM item had captured attention automatically, then it should not have been affected by the spatial locus of attention induced by the spatial precue. It is clear that this pattern of results did not emerge. The WM guidance effect disappeared when participants used central precues to direct attention to the upcoming probe location, suggesting that content-based memory-driven capture of selection can be overridden by voluntary control of attentional focusing.
Experiment 3b
It is possible that the 300-ms duration of central cue in Experiment 3a might be too long to discourage observers to make an eye movement to the target's location before or by the time the two-flashed items appeared. Were this the case, the retinal location of the memory match may have been more peripheral. Then, overt eye movements and not covert shifts of attention may be responsible for the absence of WM effects on selection. Even though this later account seems consonant with the idea that WM effects on selection may be dependent on the spatial focus of attention, we decided to address this further in Experiment 3b. Here, the duration of arrow cues was reduced to 175 ms -a time that is not enough for participants to make an eye movement before the onset of the critical display with the two-flashed items. Moreover, to make the display sequence similar across the central cueing and no-cueing blocks, a black horizontal line appeared for 175 ms before the flashed items in the no-cueing block. Then, if endogenous spatial focusing of attention can override the memory-driven capture of selection, then similar results to those of Experiment 3a should be found here.
Method
The method was virtually identical to that of Experiment 3a, except that the central arrow was presented just for 175 ms. In the no-cueing block, a black horizontal line that had similar size with a arrow cue was presented for 175 ms prior to the onset of the flashed items (see Fig. 6 ). A new group of eleven volunteers from the same pool participated in this experiment. They were instructed not to move their eyes during every trial, and none of them expressed any difficulty in maintaining fixation.
Results and discussion
The data were analyzed with block type (central cueing, no-cueing) and memory matching (neutral match, object match) as factors. Errors averaged 2.1% on the attention probe task and 3.2% on the This pattern of results replicates the findings of Experiment 3a in a more controlled setting. Although eye movements were not monitored in the current experiment, there is evidence that healthy subjects are capable of maintaining steady fixation in such spatial pre-cueing tasks with very little eye movements when they are explicitly asked to do so (e.g., Abrams & Law, 2000; Arrington, Carr, Mayer, & Rao, 2000; Thiel, Zilles, & Fink, 2004; Yantis & Jonides, 1990) . Therefore, we believe the current results cannot be merely due to overt eye movements.
Experiment 3c
Although participants were explicitly instructed that memory cues were detrimental to performance in previous experiments, we note there were only two item locations and the target always appeared at the opposite location relative to the memory match. Thus, despite the WM item always surrounded a non-target location, it can be argued that in the absence of spatial information concerning the target's location, participants may have allocated attention to the memory match in a voluntary way, rather than in an involuntary way, in order to learn the upcoming target location. According to this argument, the effect of the predictive spatial cue may look unsurprising. Experiment 3c aimed to discard the possibility that observers may have voluntarily attended to the memory match in order to derive the target location. Here, the memorymatching item (when present) was located in the vertical meridian, whilst the probe target always appeared in the horizontal plane. The new design ensures there is not relationship between the position of the memory match and the position of the target and minimizes any incentive for participants to strategically attend to the matching item.
Method
Eleven new volunteers participated. The method was very similar to that of Experiment 3b with the following exceptions. The spatial precue was followed by the onset of four objects located above, below, left and right from the fixation cross. The objects were 6°from the fixation cross (center to center). On half of the trials, either the object on the top or bottom could match the memory item. The probe target appeared either at the left or right visual field. Participants were instructed that the flashed objects were task-irrelevant and that the target probe would appear in the horizontal plane. They were instructed to fixate the central cross throughout the trial. An adjustable chinrest helped to maintain fixation. Eye movements were monitored by an eye tracking system (Applied Science Laboratories, Model 504) and trials were excluded from the analyses if a saccade or a deviation from central fixation exceeded 2°.
Results and discussion
Two percentage of trials were discarded due to saccadic eye movements or other significant deviations from central fixation. The data were analyzed with block type (central cueing, no-cueing) and memory matching (neutral match, object match) as factors. Errors averaged 1.8% in the probe task and 3.6% on the memory task. Analyses of probe errors and memory errors showed no main effects or interactions (all Fs < 1). Fig. 8 shows the mean correct RTs across conditions. The ANOVA showed a significant main effect of block type, F (1, 10) = 13.07, p = .005, g 2 = .562, with faster performance These results replicated the findings of Experiment 3a and 3b. Here the presence of the memory-matching item was task-irrelevant and completely unrelated to the position of the upcoming target. Although there was little incentive for participants to strategically attend to the memory match, the reappearance of a WM-matching item captured the spatial deployment of attention. As expected, the WM effect was abolished by spatial pre-cueing of the upcoming target location.
General discussion
Recent studies have shown that WM contents can guide attention in a relatively involuntary fashion based on exact visual matching (e.g., Soto et al., 2005 Soto et al., , 2006a Soto et al., , 2006b ) and inexact visual matching (Olivers et al., 2006) , semantic links (e.g., Huang & Pashler, 2007; Koivisto & Revonsuo, 2007; Moores, Laiti, & Chelazzi, 2003; and even abstract dimensional matching (Pan et al., 2009 ) between the memory and attention displays. In line with these prior reports, the present study provides additional evidence for involuntary capture of selection by WM using a simple spatial probe task to index attentional deployment.
Previous studies indicated some of the boundary constraints of the automatic influence of WM on visual attention. As noted in the introduction, factors related to the attentional priority of the search template over the memory template (e.g., Houtkamp & Roelfsema, 2006; Olivers, 2009) , articulatory suppression and WM loads (e.g., can modulate attentional capture by WM. In Experiment 3, we showed that the presence of the valid spatial cue prior to the onset of the display substantially reduced (indeed eliminated) the WM bias, suggesting that WM effects on selection can be modulated by the volitional factors associated with the attentional state of the observer. WM effects on selection are stronger under diffuse attention settings and they can be reduced by voluntary focus of attention promoted by spatial pre-cueing. This finding is critical for functional accounts on the interplay between WM and visual selection. Note that in previous studies on the topic, the observers were in a diffuse attentional mode since they were provided with no advance information about the location of the search target (see Downing, 2000; Olivers, 2009; Olivers et al., 2006; , 2008 Soto et al., 2005 Soto et al., , 2006a Soto et al., , 2006b . When attention is highly focused in advance on a particular location, any stimuli at other locations, even those matching the irrelevant WM item, may have a lower priority to be selected. On the other hand, a diffuse attentional mode may promote a more parallel form of processing being adopted and under these conditions the matching between the contents of WM and the display can facilitate top-down and bottom-up biases. This view is consistent with prior findings that spatial pre-focusing of attention can modulate bottom-up capture effects by new abrupt onsets (Yantis & Jonides, 1990) . We conclude that content-based WM-driven capture of attention is dependent on the attentional focus of the observer. It appears that automatic WM effects on selection are confined to situations where observers adopt a diffuse attentional focus such as when there is uncertainty about the incoming target location. Under those conditions, capture of visual selection by the WM content appears to be obligatory and a default property of the visual system.
The present study also provided the strongest test to date on the automaticity of WM-based guidance of visual selection. Prior research (e.g., Schneider & Fisk, 1982; Schneider & Shiffrin, 1977; Yantis & Jonides, 1990) suggests that a strongly automatic process should not be prevented by the observer's volitional allocation of attention. If attentional guidance from WM were a strongly automatic process, then the memory-matching distractors should capture attention irrespective of observer's voluntary allocation of attention. However, the results of Experiments 3a, 3b and 3c showed that the WM guidance effect disappeared when participants used central precues to direct the focus attention at the upcoming probe location, suggesting that content-based WM-driven capture of selection can be modulated by the focus of spatial attention, prior to the onset of the memory-matching items. Recent work indicates that attentional capture by the contents of WM may be subject to cognitive control (i.e., Han & Kim, 2009; Woodman & Luck, 2007) . According to this view, a high level of cognitive control may reduce effects of WM on selection by actively maintaining a higher priority for the search target template over the irrelevant memory item and/ or by actively inhibiting the representation of the irrelevant memory item. It is interesting to note, however, that inhibitory effects reported by Woodman and Luck (2007) were found when the capacity of WM was stressed with three items and a concurrent articulatory suppression task, whilst the same result was not observed when only a single item was maintained. suggested that information in WM may be automatically degraded at high cognitive loads as a result of increased inter-item competition for limited resources and such impoverished representations may actually aid cognitive strategies to deliberately attend away from items that match stimuli in WM. Further support for a role of cognitive control operations has recently been provided by Han and Kim (2009) . They showed that attentional capture by WM occurs early after the onset of the search display, whilst later on there can follow a pattern of facilitated search processing in the presence of irrelevant memory distractors (see Downing & Dodds, 2004; Woodman & Luck, 2007) . Han and Kim (2009) suggest that cognitive control may come into play at a late processing time (i.e., about 750 ms) after the onset of the critical display with the memory distractor, whilst early after the onset of the critical display there is mandatory attentional capture by the WM-matching distractor. Whilst the above results point out the relevance of cognitive control operations to guide selection away from memory distractors at a late stage of search processing, the current findings point out to the importance of the focus of spatial attention prior to the onset of the critical display.
Whilst we believe that a default tendency of the visual system is to bias perceptual selection in favor of WM-matching stimuli, there are several factors that appear to modulate the expression of this default setting: availability of processing resources in cognitive brain systems , special priority of the search template over the memory template (Olivers, 2009 ; see also Downing & Dodds, 2004; Houtkamp & Roelfsema, 2006) and the operation of cognitive control (Han & Kim, 2009; Woodman & Luck, 2007) . The current findings add onto the understanding of critical modulators that constrain the interplay between WM and visual selection. Here, we have demonstrated for the first time that attentional capture by the contents of WM depends on the attentional focus of the observer. The guidance of visual selection from WM is not obligatory, mandatory or strongly automatic because it can be modulated by the focus of spatial attention. We conclude that top-down influences from WM on visual selection can be modulated by the strength of other cues in the environment which may allow the observer to focus selection at other relevant target locations.
